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Abstract: As the practice of outpatient
paediatric surgery advances, the search
continues for anaesthesia that provides rapid
smooth
induction,
stable
patient
haemodynamics, rapid emergence and
minimal unpleasant side effects.
Therefore, this study was designed to
compare the haemodynamic changes,
emergence and recovery characteristics of
remifentanil-propofol (TIVA) and sevoflurane
anaesthesia for adenoidectomy with bilateral
myringotomy and insertion of tubes and/or
tonsillectomy (ENT surgery) in children.
Children aged 6.3±1.6 years, undergoing
elective ENT surgery, were randomly assigned
to receive TIVA (n=15) and sevoflurane
(n=15).
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In both groups, anaesthesia was induced with
propofol and remifentanil and maintained
either with infusion of propofol-remifentanil
or sevoflurane with 50% N20 in oxygen. Endtidal CO2 concentration (ETCO2) and oxygen
saturation (SaO2) were monitored and
ventilation was controlled to maintain
normocapnia. Heart rate and systolic-diastolic
blood pressures were measured before and
after induction, after tracheal intubation, at
the beginning of the incision and at the end of
the surgery.

Introduction
Fast emergence and short recovery with a low incidence of postoperative side effects are two important
goals of anaesthesia for paediatric outpatient surgery
(1,2). Both sevoflurane and propofol possess qualities
that are desirable for infants and children who require
ambulatory surgery under general anaesthesia. Studies in
children have confirmed the excellent induction characteristics, haemodynamic stability and rapid emergence and
recovery qualities for both anaesthetics (3-5).

The time intervals from discontinuation of the
anaesthetic, early emergence and recovery
and the incidence of side effects were
assessed.
There were no differences in patients’
demographics among the groups. Both of the
anaesthesia methods could not provide stable
haemodynamics at the time of intubation or at
the start of surgery, but heart rates and blood
pressures were significantly higher with
sevoflurane (p<0.05).
Times to restoration of spontaneous
ventilation and extubation were significantly
faster and mean scores of the quality of
emergence scale were higher in the
sevoflurane group than in the TIVA group
(p<0.05). There was a significantly greater
incidence of postoperative agitation in
patients who received sevoflurane (100%)
compared with those who received TIVA
(46.7%) (p<0.05).
It was concluded that TIVA provided less
postoperative
agitation
and
lower
peroperative heart rates and blood pressures
than sevoflurane-based anaesthesia.
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The esterase-metabolized opioid, remifentanil
hydrochloride, has pharmacokinetic properties that may
translate into benefits for ambulatory anaesthesia and
recovery. The pharmacokinetics of remifentanil allows
easy titration of changing intraoperative conditions and
smooth emergence from anaesthesia and it may be a useful anaesthetic for paediatric outpatient surgery (2,6). A
total IV anaesthesia (TIVA) regimen with remifentanil and
propofol is a useful anaesthetic technique for controlling
responses to tracheal intubation and intense surgical
stimulation, but little data is available in paediatric
patients (2,7,8).
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We undertook this study to examine the haemodynamic response and the recovery profile of remifentanilpropofol combination (TIVA) and to compare this total
intravenous anaesthesia with an inhalation anaesthesia
technique based on sevoflurane.
Materials and Methods
After obtaining the approval of the hospital Ethics
Committee, 30 children, aged 6.3±1.6 (ASA I or II)
undergoing adenoidectomy with bilateral myringotomy
and insertion of tubes and/or tonsillectomy (ENT
surgery), were included in the study (Table 1).
A eutectic mixture of local anaesthetics (EMLA) cream
was applied on both hands of the children 1 hour before
surgery. After an i.v. catheter was inserted, all children
were premedicated with midazolam 0.03-0.05mg/kg
intravenously.
In both groups, anaesthesia was induced with
remifentanil 1µg/kg and propofol 2mg/kg. Cisatracurium
(0.01mg/kg) was given to facilitate orotracheal intubation. After induction of anaesthesia, paracetamol suppositories were administered rectally in all children. For
maintenance of anaesthesia, children were randomized to
receive either TIVA (group I) or inhalation anaesthesia
based on sevoflurane (group II).

cheal intubation and N20 was added to obtain an end-tidal
concentration of 50% N20. Throughout the procedure,
end-tidal CO2 (ETCO2) and oxygen saturation (Sa02) were
monitored and ventilation was adjusted to maintain
ETCO2 between 35 and 45 mm/Hg (Cicero EM, Drager).
Heart rate and arterial blood pressures were recorded regularly after induction, after tracheal intubation, at
the beginning of incision, 5 min after incision, 10 min
after incision, 20 min after incision and at the end of the
surgery. Atropine sulphate (0.01 mg/kg) was given for
bradycardia. Bradycardia was defined as heart rates less
than 80 bpm for children less than 8 years old and 60
bpm in children 8 and over.
For all patients, signs of inadequate anaesthesia
(increase in blood pressure or heart rate more than 20%
from baseline and responses such as movement or sweating) were treated with an additional bolus dose
(0.5µg/kg) of remifentanil. In group II, increasing concentrations of sevoflurane up to end-tidal concentration
of 3% were also used.
At the end of surgery, after inhaled gases and intravenous anaesthetics were terminated, any residual neuromuscular block was antagonized with neostigmine and
atropine sulphate.

In group I, separate infusions of propofol (3mg/kg/h)
and remifentanil (0.5µg/kg/min) were started immediately after the anaesthesia induction and the patients’ lungs
were ventilated with 100% O2 and 50% oxygen in oxygen/air after tracheal intubation. No N20 was given.

For 10 minutes after the discontinuation of anaesthesia, no physical stimulation (e.g., suctioning of the
oropharynx or jaw thrust) was performed. If the patient
did not respond after 10 minutes, then stimulation was
allowed. Time to return of spontaneous ventilation, time
to extubation and time to eye opening were recorded by
the same experienced anaesthesiologist.

In patients assigned to group II, anaesthesia was continued with 2.5-3% sevoflurane in 100% O2 until tra-

A trained postanaesthesia care unit (PACU) nurse,
blinded to the anaesthetic technique used, assessed the

Table 1.

Preoperative classification of patients according to the American Society of Anaesthesiologists

Status

Disease state

ASA Class 1

No organic, physiologic, biochemical or psychiatric disturbance

ASA Class 2

Mild to moderate systemic disturbance that may or may not be related to the reason for surgery

ASA Class 3

Severe systemic disturbances that may or may not be related to the reason for surgery

ASA Class 4

Severe systemic disturbances that is life threatening with or without surgery

ASA Class 5

Moribund patient who has little chance of survival but is submitted to surgery as a last resort (resuscitative effort)

Emergency
Operation (E)
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Any patient in whom an emergency operation is required
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quality of emergence and postoperative agitation. The
standard scoring scale was used for evaluating quality of
emergence (Table 2) (6). The scale measured four dimensions of quality of emergence: facial expression, posture,
crying and hangover. The scores on each dimension of the
scale were summed to provide a single measure of quality of emergence for each patient. Scores could range
from 0 (smooth, problem-free emergence) to 8 (uncomfortable, problematic emergence).
Table 2.

Results
The demographic data is shown in Table 2. No significant differences were found between two groups in
terms of age, weight, sex ratio and ASA physical status.
Duration of anaesthesia and surgical procedures were
similar in both groups (Table 3). The induction was calm
and easy without excitation. None of the children showed
a rigidity of extremities or thoracic muscles after administration of remifentanil.
Three children of both groups received additional
bolus doses of 0.5µg/kg remifentanil (i.v) once to compensate for light anaesthesia.

Scoring System for Quality of Emergence from Anaesthesia

Facial Expression

Posture

0 = relaxed, neutral expression, calm
1 = frowning
2 = eyes closed, open mouthed grimace

No complications of the airway were recorded
throughout the procedure but four children in the
sevoflurane group had breathholding and laryngospasm
after extubation.

0 = relaxed, neutral, inactive
1 = active, unsteady, poor balance
2 = very active, unsteady, requiring
protective restraint

Crying

0 = none
1 = intermittent or persistent whimpering or
weeping
2 = persistent, marked loud crying or screaming

Hangover

0 = calm, sleepy, quiet
1 = displeased, unhappy, anxious, fretful
2 = dysphoric, disoriented, frantic

Cardiovascular responses
There was no statistical difference between the two
groups in terms of baseline values of systolic and diastolic
arterial blood pressures (SAP and DAP) and heart rates
(HR). In both groups, arterial blood pressure levels
decreased after the induction of anaesthesia and
increased to baseline values following tracheal intubation.
After intubation and at the start of the operation
there was a slight increase in arterial pressure in both
groups and it tended to remain high throughout the procedure. This increase was more evident in the sevoflurane
group and it was found to be statistically significant
(p<0.05).

Postoperative agitation was assessed according to
Davis et al. (4) by a 3-point score: 1=asleep or calm,
2=mildly agitated, crying but consolable, restless; 3=hysterical, crying inconsolably.

Heart rates decreased in both groups after induction
of anaesthesia; none of the children in the sevoflurane
group and three children in the TIVA group had received
atropine sulphate for bradycardia.

The Mann-Whitney U test was used to determine the
statistical significance between group differences. Frequencies in the two groups were analyzed using Wilcoxon’s ranked sum test. Results were expressed as means ±
S.D., and statistical results were considered significant
when the P value found in each test was lower than 0.05.

Group I
(remifentanil/propofol)

Following tracheal intubation and at the start of the
operation, heart rates increased significantly in both

Group II
(sevoflurane/nitrous oxide)

Number of patients

15

15

Sex (% M/F)

40/60

53.3/46.7

Age (year)

6.3±1.6

7±2

Weight (kg)

22.4±4.6

24.6±8.9

Duration of surgery (min)

37.3±7.9

36.6±8.9

Duration of anaesthesia (min)

42.3±8.4

42±8.6

Table 3.

Demographic data, surgical and
anaesthetic times. Values are
means ±SD
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groups and remained significantly increased compared to
baseline values until the end of the surgery. Increases in
heart rates at these intervals were more evident in group
II (p<0.05) (Table 4).

Discussion
New potent inhaled anaesthetics with low blood-gas
solubility coefficients and i.v. anaesthetics of ultrashort
duration can provide optimum anaesthetic qualities
(2,10). Remifentanil is a new, ultra-short acting, synthetic opioid (8). Because of its unique pathway for opioid metabolism and propofol’s ideal anaesthetic characteristics of smooth - rapid recovery and the low blood-gas
and tissue coefficients of sevoflurane, this study was performed to compare the haemodynamic response and
emergency profile of remifentanil and propofol (TIVA)
with sevoflurane.

Recovery data
Times to restoration of spontaneous ventilation and
extubation were significantly shorter in the sevoflurane
group and time to eye opening was shorter in the TIVA
group (Table 5). None of the children in the sevoflurane
group (100%), and ten children in the TIVA group
(46.7%) showed postoperative agitation score<2. This
difference was statistically significant (p<0.05) (Table 5).

One of the difficulties in designing a study in which an
inhaled anaesthetic is compared with an intravenous
agent is ensuring that the depth of anaesthesia for the
two anaesthetics remains similar. In this study, however,
where one anaesthetic is an inhaled agent and the other
is an intravenous agent, there is no common clinical mea-

Mean scores on the quality of emergence scale at the
time of awakening were 1.9±1.7 for the TIVA group, and
4.8±1.06 for the sevoflurane group. These differences
were found to be statistically significant (p<0.05) (Table
5).

Table 4.

Haemodynamic data at selected time points.
Group I (remifentanil/propofol)
HR
(beats per min)

Group II (sevoflurane/nitrous oxide)

SAP
(mm/Hg)

DAP
(mm/Hg)

HR
(beats per min)

SAP
(mm/Hg)

DAP
(mm/Hg)

Baseline

96.9±14.0

98.4±10.6

62.7±8.1

105.2±11.9

107.2±11.7

65.3±6.0

After induction

86.1±11.1

86.1±13.6

50.8±8.1

92.3±12.0

91.1±8.2

51.7±7.5

After intubation

100.1±12.1*

96.4±14.0*

61.5±11.6

111.5±14.0

109.1±14.3

6.9±12.8

Incision

105.1±11.9*

103.2±16.0*

67.4±11.5

123.3±11.7

116.7±13.2

70.8±11.7

10 min after incision

111.1±13.9

106.0±14.2

70.5±19.3

119.2±10.5

112.4±15.0

69.6±11.8

20 min after incision

104.0±8.9

102.4±13.0

70.6±17.4

117.6±11.6

107.9±12.3

65.4±7.7

End of anaesthesia

101.4±9.7

98.8±14.7

68.1±15.6

113.0±9.7

106.1±10.2

64.9±6.8

*p<0.05 between groups at the indicated times
HR (heart rate), SAP (systolic arterial pressure), DAP (diastolic arterial pressure)

Table 5.

Recovery times (mean ± SD min), agitation and quality of emergence scores of groups I and II.
Spontaneous
Ventilation (min)

Extubation
(min)

Eye opening
(min)

Agitation score

Emergency score

Group I

7.9 ± 0.8

7.9 ± 0.8

7.9 ± 0.8

1.8 ± 1.0

1.9 ± 1.7

Group II

4.6 ± 0.8 *

6.8 ± 0.8

9.2 ± 2.1

4.8 ± 1.0*

4.8 ± 1.0*

* p<0.05 between groups
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sure or instrument to gauge comparable depths of anaesthesia in children. In this study, all anaesthesia was provided by the same experienced anaesthesiologists and the
doses of anaesthetics applied were comparable to those
used in other studies to achieve a state of surgical anaesthesia as judged clinically (2,7,11).
Like other opioids, remifentanil causes a dose-dependent reduction in blood pressure and a decrease in heart
rate (12). Thompson and colleagues have found that a
bolus dose of remifentanil 1µg/kg given over 30 s, followed by an infusion of 0.5µg/kg-1/min-1 at induction of
anaesthesia decreased HR and mean arterial pressure
(MAP) significantly. Occasionally, greater decreases have
occurred in the presence of other drugs like propofol
(12,13). Propofol has many cardiovascular effects including bradycardia and hypotension. In several studies in
which propofol was used, HR decreased after induction
and it remained low during the maintenance of anaesthesia (3,14,15). In our study, heart rates were lower in the
TIVA group than in the sevoflurane group. This response
may result from the cardiovascular properties of remifentanil-propofol infusion.
A rapid increase in heart rates and blood pressures
has been reported following endotracheal intubation and
at the start of surgery. The tendency of this sympathetic
activation was higher in the sevoflurane group. This may
be in part explained by the fact that additional bolus doses
of remifentanil were only applied when an increase in
inspired concentration of sevoflurane did not control
haemodynamic changes by painful stimulations and once
the stress response is activated and catecholamines are
released, opioids are much less effective in maintaining
heart rate and blood pressure (7).
Remifentanil and propofol, at the infusion rates used
in this study, offer a clinically important advantage with
respect to a good quality of emergence in the immediate
recovery period compared with sevoflurane. Even though
times to restoration of spontaneous ventilation and extubation were longer, children in the TIVA group were
much less sedated, more alert and oriented and could be
transferred from the operating room to the postanaesthesia recovery room earlier.
Faster awakening in the TIVA group was most probably caused by a more rapid elimination of remifentanil
compared with that of sevoflurane (2). Previous studies
have indicated that early recovery from propofol anaes-

thesia results in longer but calmer recovery (12,16,17).
Remifentanil-based anaesthesia might even be accelerated
by combining remifentanil with an inhaled anaesthetic in
a small concentration instead of propofol because of
faster and more predictable elimination of the inhaled
anaesthetic when compared with propofol (12). A similar
effect should be achieved for total intravenous anaesthesia by reducing the propofol and increasing the remifentanil concentration as in the present study. Dershwitz et
al. (11) reported that the ED50 for remifentanil to abolish
all surgical responses in adults was 0.52 µg/kg-1/min-1 and
a similar rate in children. However, because remifentanil
alone cannot reliably ensure the loss of awareness, a minimal propofol infusion (80 µg/kg-1/min-1) or volatile
anaesthetic concentration (0.3 MAC) must always be
administered in conjunction with remifentanil (12).
The rapid emergence and recovery from anaesthesia
were associated with a high incidence of agitation in both
groups. The agitation incidence after sevoflurane anaesthesia (100%) was significantly higher than that after
TIVA (46.7%). In previous investigations, high emergence agitation was reported for sevoflurane compared
with propofol and other inhalation anaesthetics
(16,18,19). Naito et al. (20) compared emergence after
sevoflurane and halothane anaesthesia in children and
described a greater incidence of restlessness and agitation
in children anaesthetized with sevoflurane. The reason
for this remains unclear. A central nervous system excitatory effect and epileptiform activity with sevoflurane has
been previously reported, but the cases observed were
during induction of anaesthesia (21,22).
The high incidence of agitation in both groups may be
directly related to the speed of emergence. It is possible
that the rapid transition from anaesthesia to consciousness in an unfamiliar area with unfamiliar people taking
care of the child results in fear and apprehension (18).
One of the most frequently reported causes of emergence agitation is pain. Postoperative pain can be difficult
to qualify in children and may mimic the signs of emergence agitation (23). In this study, although the children
were treated with rectal paracetamol, pain relief may
have been inadequate. The average duration of anaesthesia was 42.3±8.4 min in the TIVA group and 42.0±8.6
min in the sevoflurane group, but the mean time to peak
analgesia after rectal paracetamol administration has
been reported to be 60-180 minutes and the dose used
in this study may have been subtherapeutic (8,24).
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Finally, complete awakening and orientation immediately after termination of surgery is highly desirable,
especially in these challenging procedures (2). Data from
this study suggests that this goal can most likely be
achieved by remifentanil-propofol-based anaesthesia.
However, the high incidence of agitation after both
anaesthesia methods is an unresolved problem.
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